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Abstract	  
Objective:	  We	  investigate	  the	  joint	  observation	  between	  type	  2	  diabetes	  and	  headache	  using	  
a	  case-­‐control	  study	  of	  a	  US	  ambulatory	  dataset.	  	  
Background:	  Recent	  whole-­‐population	  cohort	  studies	  propose	  that	  type	  2	  diabetes	  may	  have	  
a	  protective	  effect	  against	  headache	  prevalence.	  With	  headaches	  ranked	  as	  a	  leading	  cause	  
of	   disability,	   headache-­‐associated	   comorbidities	   could	   help	   identify	   shared	   molecular	  
mechanisms.	  
Methods:	  We	  performed	  a	  case-­‐control	  study	  using	  the	  US	  National	  Ambulatory	  Medical	  Care	  
Survey,	  2009,	  on	  the	  joint	  observation	  between	  headache	  and	  specific	  comorbidities,	  namely	  
type	  2	  diabetes,	  hypertension	  and	  anxiety,	  for	  all	  patients	  between	  18	  and	  65	  years	  of	  age.	  
The	  odds	   ratio	  of	  having	  a	  headache	  and	  a	   comorbidity	  were	  calculated	  using	  conditional	  
logistic	   regression,	   controlling	   for	   gender	   and	   age	   over	   a	   study	   population	   of	   3,327,947	  
electronic	  health	  records	  in	  the	  absence	  of	  prescription	  medication	  data.	  	  
Results:	  We	  observed	  estimated	  odds	  ratio	  of	  0.89	  (95%	  CI:	  0.83-­‐0.95)	  of	  having	  a	  headache	  
and	  a	  record	  of	  type	  2	  diabetes	  over	  the	  population,	  and	  0.83	  (95%	  CI:	  2.02-­‐2.57)	  and	  0.89	  
(95%	  CI:	  3.00-­‐3.49)	  for	  male	  and	  female,	  respectively.	  	  	  
Conclusions:	  We	  find	  that	  patients	  with	  type	  2	  diabetes	  are	  less	  likely	  to	  present	  a	  recorded	  
headache	   indication.	   Patients	   with	   hypertension	   are	   almost	   twice	   as	   likely	   of	   having	   a	  
headache	  indication	  and	  patients	  with	  an	  anxiety	  disorder	  are	  almost	  three	  times	  as	  likely.	  
Given	   the	   possibility	   of	   confounding	   indications	   and	   prescribed	   medications,	   additional	  
studies	  are	  recommended.	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Introduction	  
Headache,	  including	  tension-­‐type	  headaches,	  migraine	  and	  medication	  overuse	  headaches,	  
is	  the	  most	  common	  neurological	  disorder1.	  The	  percentage	  of	  the	  adult	  population	  with	  an	  
active	  headache	  disorder	  is	  as	  much	  as	  47	  %	  for	  a	  headache	  in	  general,	  10	  %	  for	  migraine,	  
38%	   for	   tension-­‐type	   headache,	   and	   3	   %	   for	   chronic	   headache2.	   With	   the	  World	   Health	  
Organization	  ranking	  migraine	  among	  the	  top	  causes	  of	  years	  of	  healthy	  life	  lost	  to	  disability3,	  
there	  is	  an	  unmet	  medical	  need	  for	  therapeutic	  intervention.	  	  However,	  our	  understanding	  of	  
what	  causes	  a	  headache	  and	  the	  association	  between	  specific	  comorbidities	  and	  headache	  
prevalence	  remains	  unclear.	  	  	  
The	   positively-­‐correlated	   association	   between	   hypertension	   disorders4-­‐8	   and	  
psychiatric	  disorders9-­‐13,	   such	  as	  depression	  and	  anxiety,	  has	  been	   long	  established	   in	   the	  
literature.	   	   Other	   co-­‐morbidities	   influencing	   headache	   incidence	   or	   severity	   have	   been	  
reported	  although	  the	  evidence	  for	  association	  with	  headache	  has	  been	  less	  robust.	  Diabetes	  
for	   example	   has	   been	   suggested	   to	   have	   a	   protective	   effect14-­‐17	   although	   whether	   the	  
association	  between	  headache	  and	  type	  2	  diabetes	  remains	  unclear	  and	  whether	  reported	  
effects	  are	  due	  to	  overlapping	  molecular	  mechanisms	  or	  to	  off-­‐target	  pharmacological	  effects	  
of	  diabetes	  treatment	  is	  equally	  unknown.	  A	  possible	  role	  for	  the	  insulin	  receptor	  in	  migraine	  
pathogenesis	   was	   suggested	   after	   five	   significant	   single	   nucleotide	   polymorphism	   (SNP)	  
variations	  were	  found	  over-­‐represented	  in	  the	  insulin	  receptor	  gene	  in	  migraine	  patients.	  This	  
association	  was	  independently	  replicated	  in	  a	  case-­‐control	  population	  collected	  separately	  14.	  	  
Other	   related	   observations	   include	   higher	   insulin	   levels,	   a	   condition	   associated	   with	  
prediabetes,	   in	  migraineurs	   than	   in	   controls	   and	  elevated	  blood-­‐glucose	   levels	   in	  patients	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with	  typical	  headache15.	  Furthermore,	  population-­‐based	  prospective	  studies	  have	  yielded	  a	  
significant	  association	  between	  a	  decreased	  risk	  of	  migraine	  with	  type	  2	  diabetes16,17.	  	  
Nonetheless,	  a	  number	  of	  published	  studies	  have	  not	  reported	  an	  apparent	  protective	  
effect	  of	  diabetes.	  A	  case-­‐control	  study	  examining	  insulin	  resistance	  in	  migraineurs	  did	  not	  
find	  a	  significant	  association	  with	  migraine,	  although	  the	  results	  remained	  inconclusive	  given	  
the	  small	  sample	  population	  and	  due	  to	  several	  patients	  with	  a	  low	  disease	  activity18.	  A	  cross-­‐
sectional	  study	  on	  chronic	  migraine	  prevalence	  in	  women	  suggests	  that	  chronic	  migraine	  is	  
actually	  positively	  associated	  with	   insulin	   resistance,	  particularly	  when	   in	  partnership	  with	  
obesity19.	  Yet,	  a	  different	  study	  on	  the	  prevalence	  of	  migraine	  in	  patients	  with	  type	  2	  diabetes	  
failed	  to	  find	  a	  positive	  association20.	  	  Finally,	  although	  a	  recent	  cross-­‐sectional	  population-­‐
based	   study	   also	   failed	   to	   identify	   an	   inverse	   relationship	   between	   type	   2	   diabetes	   and	  
headache,	  an	  association	  between	  type	  1	  diabetes	  and	  both	  headache	  (OR	  =	  0.55,	  95%	  CI	  
0.34-­‐0.88)	  and	  migraine	  (OR	  =	  0.47,	  95	  %	  CI	  0.26-­‐0.96)	  was	  found21.	  	  
Several	   abnormalities	   associated	   with	   insulin	   resistance	   have	   been	   reported	   in	  
patients	   with	   migraine22.	   Glucose	   plasma	   concentrations	   were	   significantly	   higher	   in	  
migraineurs	   with	   insulin	   sensitivity	   impaired	   in	   migraine22.	   Studies	   suggest	   that	   insulin	  
resistance	  is	  associated	  with	  migraine22	  and	  insulin	  resistance	  is	  also	  associated	  with	  type	  2	  
diabetes23.	  Patients	  with	  migraine	  frequently	  report	  that	  fasting,	  a	  condition	  where	  there	  is	  
an	   insulin	   receptor	   activation,	   is	   a	   trigger	   of	   headache	   attacks24	   whilst	   a	   separate	   study	  
revealed	  that	  a	  low-­‐sucrose	  diet	  may	  reduce	  the	  frequency	  of	  migraine	  attacks25.	  Clearly,	  the	  
relationship	  between	  headache	  and	  type	  2	  diabetes	  remains	  unresolved.	  
We	  sought	  to	  investigate	  the	  joint	  observation	  between	  type	  2	  diabetes	  and	  headache	  
using	  a	  case-­‐control	  study	  exploiting	  a	   large	  US	  ambulatory	  electronic	  health	  record	  (EHR)	  
dataset	   containing	   over	   6.5	  million	   records.	   The	   ICD-­‐9	   indication	   codes	   presented	   in	   the	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dataset	   were	   grouped	   by	   the	   tested	   comorbidity	   indications,	   headache,	   type	   2	   diabetes,	  
anxiety	   and	   hypertension.	   To	   validate	   our	   method,	   we	   also	   examined	   the	   well-­‐studied	  
relationships	  between	  headache	  with	  hypertension	  and	  headache	  with	  anxiety.	  	  
	  
Methods	  
Data	   source:	  We	   calculate	   the	   odds	   ratio	   of	   a	   joint	   observation	   between	   headache	   and	  
specific	   comorbidities	   using	   data	   from	   The	  US	   National	   Ambulatory	  Medical	   Care	   Survey	  
(https://www.cdc.gov/nchs/ahcd/index.htm),	   2009.	   This	   is	   a	   cross	   sectional	   national	  
probability	   sample	   survey	   that	   sampled	   6,552,504	   subjects	   randomly.	   The	   survey	   was	  
conducted	  by	  the	  Division	  of	  Health	  Care	  Statistics,	  National	  Center	  for	  Health	  Statistics,	  and	  
the	  Centers	   for	  Disease	  Control	   and	  Prevention.	  As	  of	  2006,	  NAMCS	   includes	  a	   sample	  of	  
community	   health	   centers,	   using	   information	   from	   the	   Health	   Resources	   Service	  
Administration	   and	   the	   Indian	   Health	   Service.	   Demographic	   information	   from	   these	  
participants	  include	  sex,	  race,	  patient	  age	  in	  years,	  year	  surveyed,	  and	  up	  to	  seven	  ICD-­‐9	  code	  
entries	  for	  disease.	  Public	  use	  datasets	  and	  instruction	  files	  related	  to	  this	  study	  can	  be	  found	  
at	  https://www.cdc.gov/nchs/ahcd/datasets_documentation_related.htm.	  
	  
Study	  population:	  The	  US	  NAMCS	  dataset	  was	  reduced	  to	  a	  study	  population	  of	  5,661,688.	  
The	  sample	  population	  was	   restricted	  by	  age	   (18	   to	  65	  years	   in	  age,	   inclusive),	   required	  a	  
gender	  entry,	  and	  at	  least	  one	  valid	  medical	  indication.	  Records	  with	  an	  indication	  from	  the	  
ICD-­‐9	   groups	   “8[0-­‐9][0-­‐9]”	   or	   “9[0-­‐9][0-­‐9]”,	   which	   could	   link	   a	   headache	   to	   a	   secondary	  
indication	  of	  injury	  or	  poisoning	  were	  removed.	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Exposure:	  We	  defined	  a	  headache	  indication	  as	  any	  record	  from	  the	  study	  population	  with	  an	  
ICD-­‐9	  code	  from	  the	  groups	  339.*,	  784.0*	  and	  307.81.	  These	  grouped	  codes	  represent;	  other	  
headache	   syndrome,	   including	   cluster	   headache	   and	   tension	   headache;	   headache	  
characterized	  by	  a	  sensation	  of	  marked	  discomfort	  in	  various	  parts	  of	  the	  head	  and	  neck;	  and	  
tension	  headache	  specifically	  related	  to	  psychological	  factors,	  respectively.	  	  We	  defined	  a	  type	  
2	  diabetes	  indication	  as	  any	  record	  from	  the	  study	  population	  with	  an	  ICD-­‐9	  code	  of	  either	  
250.00	   or	   250.02.	   All	   indications	   of	   anxiety,	   dissociative	   and	   somatoform	   disorder	   were	  
defined	  by	  the	  ICD-­‐9	  code	  group	  300.*,	  and	  collectively	  referred	  to	  as	  anxiety	  disorders	  for	  
the	  purpose	  of	  this	  study.	  We	  defined	  a	  hypertension	  indication	  as	  any	  records	  from	  the	  study	  
population	  with	  an	  ICD-­‐9	  code	  from	  the	  group	  401.*;	  these	  codes	  include	  malignant	  essential	  
hypertension,	  benign	  essential	  hypertension	  and	  unspecified	  essential	  hypertension.	  	  
	  
Statistical	   Analysis:	   We	   perform	   a	   case-­‐control	   study	   to	   analyze	   the	   joint	   observation	  
between	  each	  of	  the	  three	  conditions,	  namely	  anxiety,	  hypertension	  and	  type	  2	  diabetes,	  with	  
a	   headache	   indication.	   The	   prevalence	   of	   each	   condition	   alone	   and	   each	   condition	  
accompanied	  by	  a	  headache	  indication	  was	  calculated	  over	  the	  study	  population	  and	  then	  
controlling	  for	  gender.	  Conditional	   logistic	  regression	  (CLR)	  with	  a	  95%	  confidence	   interval	  
(CI)	  was	  used	   to	  estimate	  an	  odds	   ratio	   (OR)	  of	  disease	  observation	  by	  matching	  age	  and	  
gender	  for	  two	  controls	  (absence	  of	  headache)	  per	  case	  of	  headache	   indication.	  Male	  and	  
female	   specific	   disease	   observations	   were	   calculated	   separately.	   A	   P-­‐value	   <	   0.01	   was	  
considered	   statistically	   significant.	   Statistical	   analyses	   were	   performing	   using	   R	   software	  
version	  3.4.3.	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Results	  
Identification	  of	  diseases.	  
Disease	   indications	   were	   grouped	   by	   their	   ICD-­‐9	   codes	   (Table	   1).	   Headache	   codes	   were	  
collected	  using	  the	  classification	  for	  a	  tension	  headache	  and	  general	  diagnosis	  for	  headache.	  
Instances	  of	  cluster	  headache	  were	  excluded	  due	  to	   their	   infrequency	  within	   the	  sampled	  
population.	  The	  grouped	  anxiety	  indications	  were	  collected	  using	  the	  ICD-­‐9	  tree	  from	  EHRs	  
that	   matched	   the	   regular	   expression	   300.*.	   These	   codes	   included	   indication	   for	   anxiety,	  
phobias,	   dissociative	   disorders	   and	   somatization	   disorders.	   The	   grouped	   hypertension	  
indications	  were	  matched	  using	  the	  regular	  expression	  401.*.	  Only	  three	  hypertension	  ICD-­‐9	  
codes,	  malignant,	  benign	  and	  unspecified,	  were	  present.	  	  The	  ICD-­‐9	  codes	  for	  type	  2	  diabetes	  
were	  picked	  specifically	  to	  include	  indications	  for	  type	  2	  diabetes	  without	  a	  mention	  of	  further	  
complication.	  	  
	  
Disease	  prevalence	  and	  demographic	  data.	  In	  this	  study,	  we	  identified	  3,327,947	  EHRs	  that	  
met	  our	  inclusion	  criteria,	  of	  which	  1,130,505	  were	  male	  and	  2,197,442	  were	  female.	  A	  t-­‐test	  
performed	  between	  the	  age	  of	  males	  to	  females	  was	  found	  to	  be	  insignificant	  (Table	  2	  for	  age	  
calculations	  stratified	  by	  gender).	  We	  observed	  a	  male	  and	  female	  combined	  mean	  age	  of	  
41.2	   (+/-­‐	   12.3)	   years	   for	   records	  with	   an	   indication	  of	   headache,	   43.2	   (+/-­‐	   12.6)	   years	   for	  
anxiety,	  a	  decade	  later	  at	  52.2	  (+/-­‐	  9.5)	  years	  for	  records	  with	  hypertension,	  and	  52.9	  (+/-­‐	  9.9)	  
years	  for	  type	  2	  diabetes.	  We	  also	  observed	  a	  mean	  age	  of	  41.6	  (+/-­‐	  11.8)	  years	  for	  headache	  
with	  an	  anxiety	  disorder,	  46.6	  (+/-­‐	  10.3)	  years	  for	  a	  headache	  with	  a	  hypertension	  disorder,	  
and	  49.7	  (+/-­‐	  10.0)	  years	  for	  headache	  and	  type	  2	  diabetes.	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The	   joint	   observation	   between	   disease	   and	   headache.	   The	   estimated	   OR	   for	   a	   risk	   of	  
headache	  in	  records	  with	  an	  indication	  of	  anxiety	  disorder,	  hypertension,	  or	  type	  2	  diabetes	  
was	  calculated	  using	  conditional	   logistic	  regression	  with	  a	  95	  %	  CI	  (Table	  3).	  For	  each	  case	  
(tested	   comorbidity	   with	   headache	   indication)	   two	   controls	   (disease	   with	   no	   headache	  
indication)	   were	   randomly	   identified	   from	   the	   sample	   population,	   matched	   by	   age	   and	  
gender,	  followed	  by	  two	  additional	  CLR	  calculations	  over	  each	  gender	  cohort	  whilst	  matching	  
for	  age	  only.	  We	  observed	  an	  increased	  estimate	  of	  joint	  observation	  between	  those	  records	  
with	  anxiety	  (OR	  =	  2.87	  95%	  CI:	  2.70-­‐3.06)	  or	  hypertension	  (OR	  =	  1.86	  95%	  CI:	  1.79-­‐1.93)	  and	  
a	  headache	  indication.	  We	  observed	  a	  greater	  estimate	  in	  OR	  in	  both	  tested	  comorbidities,	  
anxiety	  and	  hypertension,	  in	  the	  female	  cohort	  compared	  with	  the	  male	  cohort	  (OR	  Males	  
2.28	  95%	  CI:	  2.02	  –	  2.57,	  1.64	  95%	  CI:	  1.54	  –	  1.76;	  OR	  Females	  3.24	  95%	  CI:	  3.00	  –	  3.49,	  1.95%	  
CI:	  1.87	  –	  2.05,	  respectively).	  	  
By	  contrast,	  we	  observed	  a	  drop	  in	  OR	  between	  those	  records	  with	  an	  indication	  for	  
type	  2	  diabetes	  and	  an	   indication	   for	  headache	   (OR	  =	  0.89	  95%	  CI:	  0.83-­‐0.95),	  with	  males	  
having	  lower	  estimated	  odds	  (0.83	  95%	  CI:	  0.75-­‐0.93)	  than	  females	  (0.89	  95%	  CI:	  0.83-­‐0.96).	  
All	  estimated	  ORs	  were	  statistically	  significant	  (p	  <	  0.01).	  	  
	  
Conclusions	  
This	  case-­‐control	  study	  of	  a	  large	  US	  EHR	  dataset	  presents	  results	  that	  suggest	  type	  2	  diabetes	  
has	  a	  protective	  association	  on	  headache	  prevalence	  in	  male	  and	  female	  cohorts	  between	  18	  
and	  65	  years	  of	  age.	  Our	  findings	  of	  a	  joint	  observation	  between	  headache	  and	  hypertension	  
and	  anxiety	  disorders	  demonstrates	  that	  this	  dataset	  is	  in	  agreement	  with	  existing	  literature,	  
validating	  our	  methodology.	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   Earlier	   accounts	   of	   an	   association	   between	   diabetes	   and	   headache	   have	   been	  
reported14-­‐25,	   however,	  we	   present	   a	   new	   case-­‐control	   study	   using	   an	   ambulatory	   survey	  
curated	  with	  over	  thirty	  years	  of	  patient	  cases	  across	  an	  extensive	  and	  diverse	  population.	  	  
This	   study	   takes	   no	   account	   for	   some	   of	   the	   confounds	   or	   other	   concerns	   of	  
conventional	   epidemiology.	   Specifically;	   there	  are	   fewer	   indications	  per	   record	  during	   the	  
first	  surveyed	  year	  (1979),	  suggesting	  potential	  unclassified	  cases;	  it	  is	  not	  possible	  to	  be	  sure	  
whether	  the	  observed	  tested	  co-­‐morbidity	  (anxiety,	  hypertension,	  type	  2	  diabetes)	  is	  due	  to	  
the	  disease	  itself	  or	  any	  prescribed	  medications;	  statistical	  analysis	  over	  explicit	  indication	  for	  
migraine	  does	  not	  have	   statistical	  power;	  and,	   finally,	   there	  exists	  outdated	  diagnoses	   for	  
vascular	  headache,	  which	  is	  considered	  as	  an	  outdated	  term	  and	  a	  misdiagnosis.	  Despite	  the	  
limitations	  of	  deriving	  knowledge	  from	  data	  using	  this	  approach,	  the	  fact	  that	  our	  findings	  for	  
the	  odds	  ratio	  of	  observing	  headache	  with	  an	  indication	  for	  either	  anxiety	  of	  hypertension	  
replicate	  earlier	  studies	  offers	  strong	  support	  to	  our	  results.	  Further	  population	  based	  studies	  
taking	  into	  account	  prescribed	  medications	  would	  be	  the	  first	  step	  in	  separating	  physiological	  
effect	  from	  pharmacological	  effect.	   Insights	  into	  the	  etiological	  overlap	  between	  headache	  
and	  type	  2	  diabetes	  might	  be	  revealed	  from	  common	  genetic	  associations	  between	  the	  two	  
disorders	  within	  large,	  well	  phenotyped	  and	  genotyped	  cohorts	  such	  as	  the	  UK	  Biobank.	  	  
	  
Funding	  
Oxford	  Science	  Innovations	  and	  Oxford	  NIHR	  BRC.	  
	  
	   	  
.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 
The copyright holder for this preprint (which wasthis version posted June 4, 2018. ; https://doi.org/10.1101/336586doi: bioRxiv preprint 
	   10	  
	  
Bibliography	  
[1]	  Feigin	  VL,	  et	  al.	  Global,	  regional,	  and	  national	  burden	  of	  neurological	  disorders	  during	  
1990-­‐2015:	  a	  systematic	  analysis	  for	  the	  Global	  Burden	  of	  Disease.	  Lancet	  Neurol.	  2015;	  
16(11):877-­‐897.	  
[2]	  Jensen	  R,	  Stovner	  LJ.	  Epidemiology	  and	  comorbidity	  of	  headache.	  Lancet	  Neurol.	  
2008;7(4):354-­‐361.	  
[3]	  World	  Health	  Organization.	  The	  World	  Health	  Report	  2001.	  20001.	  WHO,	  Geneva.	  
[4]	  Jensen	  RH,	  Radojicic	  A,	  Yri	  H.	  The	  diagnosis	  and	  management	  of	  idiopathic	  intracranial	  
hypertension	  and	  the	  associated	  headache.	  Ther	  Adv	  Neurol	  Disord.	  2016;9(4)317-­‐326.	  
[5]	  Rist	  PM,	  Winter	  AC,	  Buring	  JE,	  Sesso	  HD,	  Kurth	  T.	  Migraine	  and	  the	  risk	  of	  incident	  
hypertension	  among	  women.	  Cephalalgia.	  2018.	  
[6]	  Gardener	  H,	  Monteith	  T,	  Rundek	  T,	  Wright	  CB,	  Elkind	  MSV,	  Sacco	  RL.	  Hypertension	  and	  
Migraine	  in	  the	  Northern	  Manhattan	  Study.	  Ethn	  Dis.	  2016;26(3):323-­‐330.	  
[7]	  Fagernæs	  CF,	  Heuch	  I,	  Zwart	  JA,	  Winsvold	  BS,	  Linde	  M,	  Hagen	  K.	  Blood	  pressure	  as	  a	  risk	  
factor	  for	  headache	  and	  migraine:	  a	  prospective	  population-­‐based	  study.	  Eur	  J	  Neurol.	  
2015;22(1):156-­‐162.	  
[8]	  Tronvik	  E,	  Zwart	  JA,	  Hagen	  K,	  Dyb	  G,	  Holmen	  TL,	  Stovner	  LJ.	  Association	  between	  blood	  
pressure	  measures	  and	  recurrent	  headache	  in	  adolescents:	  cross-­‐sectional	  data	  from	  the	  
HUNT-­‐Youth	  study.	  J	  Headache	  Pain.	  2011;12(3):347-­‐353.	  
[9]	  Fuller-­‐Thomson	  E,	  Jayanthikumar	  J,	  Agbeyaka	  SK.	  Untangling	  the	  Association	  Between	  
Migraine,	  Pain,	  and	  Anxiety:	  Examining	  Migraine	  and	  Generalized	  Anxiety	  Disorders	  in	  a	  
Canadian	  Population	  Based	  Study.	  Headache.	  2017;57(3):375-­‐390.	  
.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 
The copyright holder for this preprint (which wasthis version posted June 4, 2018. ; https://doi.org/10.1101/336586doi: bioRxiv preprint 
	   11	  
[10]	  Goulart	  AC,	  Santos	  IS,	  Brunoni	  AR,	  Nunes	  MA,	  Passos	  VM,	  Griep	  RH,	  Lotufo	  PA,	  
Benseñor	  IM.	  Migraine	  Headaches	  and	  Mood/Anxiety	  Disorders	  in	  the	  ELSA	  Brazil.	  
Headache.	  2014;54(8):1310-­‐1319.	  
[11]	  Chu	  HT,	  Liang	  CS,	  Lee	  JT,	  Yeh	  TC,	  Lee	  MS,	  Sung	  YF,	  Yang	  FC.	  Associations	  Between	  
Depression/Anxiety	  and	  Headache	  Frequency	  in	  Migraineurs:	  A	  Cross-­‐Sectional	  Study.	  
Headache.	  2018;58(3):407-­‐415.	  
[12]	  Buse	  D,	  Manack	  A,	  Serrano	  D,	  Reed	  M,	  Varon	  S,	  Turkel	  C,	  Lipton	  R.	  Headache	  impact	  of	  
chronic	  and	  episodic	  migraine:	  results	  From	  the	  American	  Migraine	  Prevalence	  and	  
Prevention	  study.	  Headache.	  2012;52(1):3-­‐17.	  
[13]	  Gelaye	  B,	  Peterlin	  BL,	  Lemma	  S,	  Tesfaye	  M,	  Berhane	  Y,	  Williams	  MA.	  Migraine	  and	  
Psychiatric	  Comorbidities	  Among	  Sub-­‐Saharan	  African	  Adults.	  Headache.	  2013;53(2)310-­‐
321.	  
[14]	  McCarth	  LC,	  et	  al.	  Single-­‐Nucleotide	  Polymorphism	  Alleles	  in	  the	  Insulin	  Receptor	  Gene	  
Are	  Associated	  with	  Typical	  Migraine.	  Genomics	  2001;78(3):135-­‐149.	  
[15]	  Cavestro	  C,	  Rosatello	  A,	  Micca	  G,	  Ravotto	  M,	  Marino	  MP,	  Asteggiano	  G,	  Beghie	  E.	  
Insulin	  Metabolism	  is	  Altered	  in	  Migraineurs:	  A	  New	  Pathogenic	  Mechanism	  for	  Migraine?	  
Headache.	  2007;47(10):1436-­‐1442.	  
[16]	  Antonazzo	  IC,	  Riise	  T,	  Cortese	  M,	  Berge	  LI,	  Engeland	  A,	  Bernt	  Fasmer	  O,	  Lund	  A,	  Joachim	  
Ødegaard	  K,	  Poluzzi	  E,	  Bjornevik	  K.	  Diabetes	  is	  associated	  with	  decreased	  migraine	  risk:	  A	  
nationwide	  cohort	  study.	  Cephalalgia	  2017	  
[17]	  Berge	  LI,	  Riise	  T,	  Fasmer	  OB,	  Hundal	  O,	  Oedegaard	  KJ,	  Midthjell	  K,	  Lund	  A.	  Does	  
Diabetes	  Have	  a	  Protective	  Effect	  on	  Migraine?	  Epidemiology.	  2013;24(1):129-­‐134.	  
[18]	  Sacco	  S,	  Altobelli	  E,	  Ornello	  R,	  Ripa	  P,	  Pistoia	  F,	  Carolei	  A.	  Insulin	  resistance	  in	  
migraineurs:	  Results	  from	  a	  case-­‐control	  study.	  Cephalalgia.	  2013;34(5):349-­‐356.	  
.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 
The copyright holder for this preprint (which wasthis version posted June 4, 2018. ; https://doi.org/10.1101/336586doi: bioRxiv preprint 
	   12	  
[19]	  Fava	  A,	  Pirritano	  D,	  Consoli	  D,	  Plastino	  M,	  Casalinuovo	  F,	  Cristofaro	  S,	  Colica	  C,	  Ermio	  C,	  
De	  Bartolo	  M,	  Opipari	  C,	  Lanzo	  R,	  Consoli	  A,	  Bosco	  D.	  Chronic	  migraine	  in	  women	  is	  
associated	  with	  insulin	  resistance:	  a	  cross-­‐sectional	  study.	  Eur	  J	  Neurol.	  2014;21(2):267-­‐272.	  
[20]	  Haghighi	  FS,	  Rahmanian	  M,	  Namiranian	  N,	  Arzaghi	  SM,	  Dehghan	  F,	  Chavoshzade	  F,	  
Sepehri	  F.	  Migraine	  and	  type	  2	  diabetes;	  is	  there	  any	  association?	  J	  Diabetes	  Metab	  Disord.	  
2016;15:37.	  
[21]	  Hagen	  K,	  Åsvold	  BO,	  Midthjell	  K,	  Stovner	  LJ,	  Zwart	  JA,	  Linde	  M.	  Inverse	  relationship	  
between	  type	  1	  diabetes	  mellitus	  and	  migraine.	  Data	  from	  the	  Nord-­‐Trøndelag	  Health	  
Surveys	  1995-­‐1997	  and	  2006-­‐2008.	  Cephalalgia.	  2017	  	  
[22]	  Rainero	  I,	  Limone	  P,	  Ferrero	  M,	  Valfrè	  W,	  Pelissetto	  C,	  Rubino	  E,	  Gentile	  S,	  Lo	  Giudice	  R,	  
Pinessi	  L.	  Insulin	  sensitivity	  is	  impaired	  in	  patients	  with	  migraine.	  Cephalalgia.	  
2005;25(8):593-­‐597.	  
[23]	  Rewers	  M,	  Zaccaro	  D,	  D’Agostino	  R,	  Haffner	  S,	  Saad	  MF,	  Selby	  JV,	  Bergman	  R,	  Savage	  P.	  
Insulin	  sensitivity,	  insulinemia,	  and	  coronary	  artery	  disease:	  the	  Insulin	  Resistance	  
Atherosclerosis	  Study.	  Diabetes	  Care.	  2005;27(3):781-­‐787.	  
[24]	  Marsters	  JB,	  Mortimer	  MJ,	  Hay	  KM.	  Glucose	  and	  diet	  in	  the	  fasting	  migraineur.	  
Headache.	  1986;26(5):243-­‐247.	  	  
[25]	  Dexter	  JD,	  Roberts	  J,	  Byer	  JA.	  The	  five	  hour	  glucose-­‐tolerance	  test	  and	  effect	  of	  low	  
sucrose	  diet	  in	  migraine.	  Headache.	  1978;18(2):91-­‐94.	  
	  
	   	  
.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 
The copyright holder for this preprint (which wasthis version posted June 4, 2018. ; https://doi.org/10.1101/336586doi: bioRxiv preprint 
	   13	  
	  
ICD	  9	  Code	   Description	  
Headache	   	  
307.81	   Tension	  headache	  
784.0	   Headache	  
Anxiety	   	  
300.00	   Anxiety,	  dissociative	  and	  somatoform	  disorders	  
300.01	   Panic	  disorder,	  with	  agoraphobia	  
300.10	   Hysteria,	  unspecified	  
300.11	   Conversion	  disorder	  
300.12	   Dissociative	  amnesia	  
300.15	   Dissociative	  disorder	  or	  reaction,	  unspecified	  
300.16	   Factitious	  disorder	  with	  predominantly	  psychological	  signs	  and	  symptoms	  
300.20	   Phobia,	  unspecified	  
300.29	   Other	  isolated	  or	  specific	  disorders	  
300.3	   Obsessive-­‐compulsive	  disorders	  
300.4	   Dysthymic	  disorder	  
300.5	   Neurasthenia	  
300.7	   Hypochondriasis	  
300.81	   Somatization	  disorder	  
300.89	   Other	  somatoform	  disorders	  
300.9	   Unspecified	  nonpsychotic	  mental	  disorder	  
300.02	   Generalized	  anxiety	  disorder	  
300.13	   Dissociative	  fugue	  
300.14	   Dissociative	  identity	  disorder	  
300.21	   Agoraphobia	  with	  panic	  disorder	  
300.09	   Other	  anxiety	  states	  
300.22	   Agoraphobia	  without	  mention	  of	  panic	  attack	  
300.6	   Depersonalization	  disorder	  
300.19	   Other	  and	  unspecified	  factitious	  illness	  
300.23	   Social	  phobia	  
300.82	   Undifferentiated	  somatoform	  disorder	  
Hypertension	   	  
401.0	   Malignant	  essential	  hypertension	  
401.1	   Benign	  essential	  hypertension	  
401.9	   Unspecified	  essential	  hypertension	  
Type	  II	  diabetes	   	  
250.00	   Diabetes	  mellitus	  without	  mention	  of	  complication,	  type	  II	  or	  unspecified	  type,	  not	  
stated.	  
250.02	   Diabetes	  mellitus	  without	  mention	  of	  complication,	  type	  II	  or	  unspecified	  type,	  
uncontrolled.	  
	  
Table	  1.	  ICD-­‐9	  drug	  codes	  for	  indications	  pertaining	  to	  headache,	  anxiety,	  hypertension	  and	  
type	  2	  diabetes	  collected	  over	  the	  sample	  population.	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   Population	  
3,327,947	  
Male	  
1,130,505	  
Female	  
2,197,442	  
Headache	   	   	   	  
Count	   23,172(0.70%)	   7,189	  (0.64%)	   15,983	  (0.73%)	  
Age	   41.2	  (12.3)	   41.7	  (12.3)	   40.3	  (12.4)	  
Anxiety	  disorders	   	   	   	  
Count	   89,757	  (2.70%)	   31,345	  (2.77%)	   58,412	  (2.66%)	  
Age	   43.2	  (12.6)	   42.6	  (12.5)	   43.5	  (12.7)	  
Hypertension	  disorders	   	   	   	  
Count	   407,508	  (12.25%)	   198,327	  (17.45%)	   209,181	  (9.52%)	  
Age	   52.6	  (9.5)	   52.6	  (9.4)	   52.7	  (9.6)	  
Type	  2	  diabetes	   	   	   	  
Count	   170,156	  (5.11%)	   79,929	  (7.07%)	   90,227	  (4.11%)	  
Age	   52.9	  (9.9)	   53.6	  (9.0)	   52.3	  (10.5)	  
Headache	  and	  anxiety	  
disorders	  
	   	   	  
Count	   2030	   485	   1545	  
Age	   41.6	  (11.8)	   41.8	  (11.7)	   41.6	  (11.8)	  
Headache	  and	  hypertension	  
disorders	  
	   	   	  
Count	   4605	   1524	   2081	  
Age	   48.6	  (10.3)	   47.8	  (10.4)	   49.0	  (10.2)	  
Headache	  and	  type	  2	  
diabetes	  
	   	   	  
Count	   1068	   349	   719	  
Age	   49.7	  (10.0)	   50.0	  (9.8)	   49.6	  (10.1)	  
	  
Table	  2.	  The	  distribution	  and	  mean	  age	  (with	  standard	  deviation)	  of	  each	  of	  the	  four	  
indications	  across	  the	  study	  population	  and	  stratified	  by	  gender,	  followed	  by	  indications	  
accompanied	  with	  a	  headache	  indication.	  	  
	  
	  
	  
	   Population	   Male	   Female	  
Anxiety	  disorders	   2.87	  (2.70-­‐3.06)**	   2.28	  (2.02-­‐2.57)**	   3.24	  (3.00-­‐3.49)**	  
Hypertension	  disorder	   1.86	  (1.79-­‐1.93)**	   1.64	  (1.54-­‐1.76)**	   1.95	  (1.87-­‐2.05)**	  
Type	  2	  diabetes	   0.89	  (0.83-­‐0.95)**	   0.83	  (0.75-­‐0.93)**	   0.89	  (0.83-­‐0.96)*	  
	  
Table	  3.	  The	  OR	  (95%	  CI)	  of	  each	  disorder	  in	  association	  with	  a	  headache	  indication,	  over	  
the	  whole	  population	  matched	  for	  age	  and	  gender,	  and	  then	  matched	  for	  age	  and	  stratified	  
by	  gender.	  **	  p	  <	  0.001	  and	  *	  p	  <	  0.01	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